Purpose: The purpose of this study is to evaluate the propensity of diff erent brands of tea available in the Saudi market, to produce staining. Materials and Methods: A sample of 40 extracted caries free premolars was immersed in seven diff erent red tea brands. Color measurements were obtained before and after staining, according to the CIELAB system, using a colorimeter, and color changes (ΔE) were estimated. Results: Color changes of stained teeth were found to be signifi cant in ΔE, Δa, and Δb (P < 0.05), compared with the control group, while no signifi cant changes were found in ΔL (P > 0.05). Among the diff erent seven brands of tea in which teeth were placed, maximum change in color was seen with Kaboos tea (ΔE = 3.92), and minimum change was in Abo Jabal tea (ΔE = 1.60). Conclusion: Red tea signifi cantly aff ects the color of the teeth, causing external staining. Decreasing the frequency of tea intake and changing the tea brand to a less staining one can be helpful to reduce the color change.
Introduction
The tooth color plays an important role in the attractiveness of an individual's smile. [1] Therefore, dental stains can cause a major esthetic problem for patients. Any change in the coronal tooth structure (enamel, dentin, or pulp) can alter the appearance of the tooth, caused by its light transmitting and refl ecting properties. [2] The discoloration located on the outer surface of the tooth's structure is defi ned as extrinsic discoloration. [3] It can be either direct or indirect. In direct staining, the stain is caused by compounds and deposits into the pellicle layer, with a resulting stain that has the color of the chromogen. [4] As suggested, the extrinsic dental staining is the result of pigmented deposits on the tooth surface, [1] or in the acquired pellicle, from various exogenous sources. [4] External staining is multifactorial; [2] dietary habits, such as large consumption of soft drinks, tea, coff ee, or chromogens habitually placed in the mouth, can contribute to external stain formation. [2, 5, 6] On the other hand, indirect staining is caused by interactions of chemicals at the tooth surface, associated with cationic antiseptics and metal salts.
These agents are either without colors or have a color diff erent than the stain on the tooth surface. [4] Accordingly, the outcome of the treatment options off ered by the dentist to the patient may be aff ected by the mechanism of staining. [2, 7] Tea is considered as a very common drink, worldwide. Although it has been considered as a healthy alternative to other caff eine products, because of its fl uoride content, [8] its chromogenic eff ect is of extreme importance, as it may contribute to problems of teeth staining. [9] Tannins compound found in tea and coff ee could be the cause of brown stains deposition on teeth surfaces. [10] It also appeared that tea causes more staining than coff ee, [11] because of its lower pH. [6] Acidic pH causes external tooth discoloration, unlike neutral and alkaline pH; it also induces surface roughness on the tooth surface, allowing food colorants to penetrate, causing signifi cant extrinsic discoloration. Therefore, the degree and type of tooth discoloration is aff ected by both, the food color and the low pH. [1] Drinking tea is one of the most frequent habits in the Saudi society since it's considered an important component of the diet. In a study on the Dietary Habits in a Suburban Saudi
Community, around three-quarters of the sample population drink tea seven times or more per week. [12] Almost all Saudi men and women consumed tea daily; males drink 5.6 cups of tea, and females drink 3.4 cups, per day. [13] As diff erent brands of tea vary in their chromogenic potential, [11] the aim of this study is to evaluate the propensity of diff erent brands of red tea, available in the Saudi market, to produce staining.
Materials and Methods

Sample selection and preparation
A sample of 40 extracted premolars, caries and stain free were collected and then polished with a prophylaxis paste, using a polishing brush. After preparation, the samples was stored in isotonic 0.9% saline solution, to avoid dehydration. [6] 
Immersion solutions
Seven famous brands of red tea in Saudi Arabia were used, including Kaboos, Abo Jabal, Rabea, Lipton, Aljamal, Red Label, and Twinnings. Tea was prepared by placing 4 g/400 ml of boiling water. [14] After 2 minutes of brewing, tea bags were removed. [11] The solution was allowed to cool to room temperature (21°C ± 4°C). [14] Water was used as a control. Saliva was used to stimulate the normal moist environment.
Staining procedure
The sample were distributed equally. Five teeth were used as a control group. The remaining 35 teeth were distributed equally on the seven tea solutions: Five teeth for each solution. The staining procedure for each tea group went as the following: Five teeth were placed in artifi cial saliva, for 2 minutes, [14] then removed into drinking water for 1 minute. Later, every group of teeth was placed in its corresponding tea solution, for 2 minutes. The cycle was repeated 4 times a day, for a week.
Color measurement
The color was assessed before and after staining, according to the CIELAB-system with a colorimeter (VITA Easyshade ® Compact). The amount of color change (ΔE) and the diff erences (ΔL, Δa, and Δb) between the initial readings and the fi nal values were calculated with the following color defi nitions for the respective positive (+) and negative (-) values: ΔL +white/-black; Δa +red/-green; and Δb +blue/-yellow. The total color diff erence (ΔE) was calculated according to the following formula:
[6]
Statistical analysis
The information and data from the study were entered into an electronic database (SPSS ® for windows ® V.15.0). ANOVA with the post-hoc Scheff e's test (P < 0.05) were used to decide the signifi cance of the diff erence in the mean of ΔL, a, b, and E for the diff erent types of tea.
Results
After measuring the change of color in teeth cycled with tea, drinking water, and artifi cial saliva, changes were found to be signifi cant in ΔE, Δa, and Δb (P < 0.05), compared with the control group. On the other hand, no signifi cant changes were found in ΔL (P > 0.05) [ Table 1 ]. Among diff erent brands of tea, in which teeth were placed, maximum change in color was seen with Kaboos tea (ΔE = 3.92), and minimum change was seen in Abo Jabal tea (ΔE = 1.60) [ Table 2 ]. The diff erence between the means ΔE of diff erent tea brands is shown in Graph 1. In ΔL, Kaboos tea showed the highest value (DL = 4.84) giving a higher shift toward white, while Lipton tea showed the lowest (ΔL = −11.50) giving a higher shift toward black [ Table 3 and Graph 2]. The control group showed the highest value in Δa (Δa = 0.42) which showed a shift toward red, while Abo Jabal tea gave a value of (Δa = −9.24) showing a higher shift toward green [ Table 4 and Graph 3]. In Δb, the highest value was seen in Twinnings tea (Δb = 9.88) showing a shift toward blue, while Rabea tea showed the lowest value (Δb = −12.20) giving a shift toward yellow [ Table 5 and Graph 4].
Discussion
When overall comparing the teeth's shades, before and after immersion in tea, the changes in color (ΔE), green-red axis (Δa), and blue-yellow axis (Δb) was found to be signifi cant (P < 0.05). However, changes in color lightness (ΔL) were insignifi cant, as (P = 0.6). On the other hand, when comparing the staining potential of diff erent brands of tea on teeth staining, changes were not found to be signifi cant neither in ΔE, ΔL, Δa, nor Δb. This could be explained further by saying that teeth could be stained signifi cantly after drinking any of the tea brands used in this study, for a period of time. Whereas when comparing the color change in teeth to determine which brand produces darker stains, the change was insignifi cant. Among diff erent brands of tea, ΔE was seen highest in Kaboos tea (ΔE = 3.92), followed by Lipton (ΔE = 3.38), Rabea (ΔE = 3.24), then Twinnings (ΔE = 3.06). These four brands showed the highest perceptible ΔE values, and they have a similar staining eff ect. On the other hand, Red label (ΔE = 2.40), Jamal (ΔE = 2.08), and Abo Jabal (ΔE = 1.60) showed the lowest color change.
After teeth immersion, or between time periods, the value of ΔE represented relative color changes. [15] Therefore, ΔE's value is found to be more meaningful than the individual L, a, and b values. [16] When the diff erences were compared in color matching, between human eye and colorimetric assessment, the color change was noticed when ΔE values were >3. [17] This was seen in ΔE values of Twinnings, Rabea, Lipton, and Kaboos tea.
All tea bags were brewed in a fi xed ratio of 4 g of tea leaves, in 400 ml of boiling water, and at room temperature (21°C ± 4°C). As individuals' taste in tea varies, these instructions will not be followed by everyone, whether in the concentration or the temperature. This could result in changing the pH and the neutralizable acidity of the tea, causing a diff erent eff ect of tea staining. [18] There are three factors that aff ect the color observation of an object, including: The spectrum of the light source, the spectral refl ectivity of the object, and the spectral sensitivity of the eye. [19, 20] Teeth discoloration can be evaluated visually, [21] or by the diff erent available color measuring systems. [22] Colorimeters can detect color diff erences below the threshold of visual perception. [21] The CIELAB system was used, as it describes color in tristimulus values and fi lters light in red, green, and blue areas of the visible spectrum. This system is a three-dimensional space, with coordinate axes L, a, and b. L represents the color lightness (L = 0: Black, L = 100 white), a* represents the greenred axis (a negative: Green, a positive: Red), and b represents the blue-yellow axis (b negative: Blue, b positive: Yellow). A set of values for L* a* and b* can represent each object, as a point in this color space. [19, 20] 
Conclusion
Red tea signifi cantly aff ects the color of the teeth, causing external staining. Decreasing the frequency of tea intake and changing the tea brand to a less staining one can be helpful to reduce the color change. Regular scaling and polishing at the dental clinic is helpful to remove many extrinsic stains.
